To examine associations between rate of eating and macronutrient and dietary fiber intake, and body mass index (BMI). DESIGN: Cross-sectional study. SUBJECTS: A total of 1695 18-y-old female Japanese dietetic students. MEASUREMENTS: Macronutrient intake (protein, carbohydrate, and fat) and dietary fiber intake were assessed over a 1-month period with a validated, self-administered, diet history questionnaire. Body height and weight and rate of eating (according to five categories) were self-reported. RESULTS: Among the nutrients examined, only dietary fiber intake weakly, but significantly, and negatively correlated with BMI in a multiple regression analysis. The rate of eating showed a significant and positive correlation with BMI. The mean BMI was higher by 2.2, 1.5, 1.0, and 0.5 kg/m 2 in the 'very fast', 'relatively fast', 'medium', and 'relatively slow' groups, respectively, compared with the 'very slow' rate of eating group. This correlation remained evident after adjustment for nutrient intake. CONCLUSIONS: Rate of eating showed a significant and positive correlation with BMI, whereas only dietary fiber intake showed a weak correlation with BMI.
Introduction
Both rate of eating and macronutrient intake balance have long been of interest as factors that may contribute to obesity. Although several previous studies have explored potential associations, the results have been inconsistent. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Most studies of rate of eating have examined the association using test meals and have compared the rate of eating between obese and nonobese subjects, or have observed weight change by decreasing the rate of eating in obese subjects. [1] [2] [3] Few epidemiological studies have examined this topic to date. 4, 5 In contrast, several epidemiological studies have examined the role of differing macronutrients in the development of obesity. These results have varied across the studies and populations examined. [6] [7] [8] [9] [10] [11] Other studies have reported the importance of dietary fiber. 12, 13 As palatability differs between foods with different compositions of fat and dietary fiber, 14, 15 rate of eating may correlate with intake of these nutrients. Therefore, when dietary factors associated with obesity are examined, both nutrient intake and rate of eating should be considered. To our knowledge, no studies to date have considered both rate of eating and nutrient intake with respect to obesity. We, therefore, investigated associations between rate of eating and macronutrient and dietary fiber intake, and body mass index (BMI).
Subjects and methods

Survey method
Subjects were students who entered dietetic courses at 22 colleges and technical schools in Japan in April 1997 (n ¼ 2069). 16 The survey was conducted during April 1997.
A total of 2063 students (2017 women and 46 men) responded to the survey (response rate ¼ 99.7%). Staff at each school checked the submitted questionnaires according to the survey protocol. When missing values and/or logical errors were identified, the staff asked the subjects to complete the questions again. The questionnaires were checked at least once by staff at each school and by staff at the survey center. Most surveys were completed by the end of May.
Questionnaires
We used two questionnairesFa self-administered diet history questionnaire (DHQ) 17, 18 and a questionnaire on general lifestyle. The DHQ is a validated 16-page questionnaire that recalls dietary habits over a 1-month period. The general lifestyle questionnaire used was a four-page questionnaire designed for this survey. It addressed general lifestyle factors, including participation of sports club activities over the previous month, current dietary counseling, the period of intentional change in dietary habits, experience of dieting, and smoking status. Body height and weight were self-reported as part of the DHQ. The period of intentional change in dietary habits was asked with four categories, from 'none', 'within 1 y', 'within 3 y', to 'more than 3 y ago'. When asking about experience of dieting, dieting was defined as at least 2 kg intentional reduction of body weight within 1 month. Smoking status was asked with three categories, that is, 'nonsmoker', 'past smoker', and 'current smoker'. Rate of eating was self-reported according to one of five qualitative categoriesF'very slow', 'relatively slow', 'medium', 'relatively fast', and 'very fast'. We examined the validity of these rating categories in a subpopulation (n ¼ 222) using the rate of eating reported by a close friend as the standard. We asked subjects to categorize the rate of eating of three close friends and obtained 498 eligible responses. The percentage of exact and adjunct agreement was 46 and 47%, respectively, which indicated high levels of agreement between self-and friend-reported rates of eating.
Statistical analysis
For the purposes of statistical analysis, we selected female subjects aged 18 y (n ¼ 1744). Subjects considered likely to have severe under-or over-reported energy intake were excluded. This included subjects with a reported energy intake less than half the energy requirement for the lowest physical activity category (6276 kJ/day) according to the recommended dietary allowance for Japanese, sixth revised edition or a reported energy intake more than or equal to 1.5 times the energy requirement of the highest physical activity category (9623 kJ/day), respectively. 19 We also excluded subjects with missing values in nondietary variables. The 1695 women met the criteria and were included in the present analyses. Intakes of energy, macronutrients, and dietary fiber were computed using an ad hoc algorithm for DHQ. As alcohol intake was extremely low, that is, the mean was 0.6 g/day, alcohol was excluded from the present analyses. Validity was higher in energy-adjusted values than in crude values in most of the nutrients in DHQ 17 as was observed in other several dietary assessment questionnaires with similar structures. 20, 21 Owing to the lower validity of crude values, energy-adjusted values were recommended to be used in analyses for nutrient-disease association. 22 We therefore used both crude and energy-adjusted values in the present analyses. The energy density model, that is, percentage of energy intake (%E) for macronutrients and grams per 4184 kJ energy intake (g/4184 kJ) for dietary fiber, was used for energy adjustment.
The subjects with participation of sports club activities at least once per week were physically active. BMI (kg/m 2 ) was computed as body weight (kg) divided by square of body height (m).
Before analyzing correlations between nutrient intake, rate of eating, and BMI, we computed correlation between nondietary variables, and rate of eating and BMI in order to find out confounders.
Then, we computed means and 95% confidence intervals of body height, body weight, BMI, intakes of energy, three macronutrients, and dietary fiber by rate of eating.
Next, we calculated partial regression coefficients and 95% confidence intervals for nutrient intake and rate of eating by multiple regression analysis with BMI as the dependent variable. We tested the association using three different models, that is, nutrient intakes only, rate of eating only, and both nutrient intakes and rate of eating as independent variables, respectively. In this analysis, nondietary variables with significant correlations with BMI were included in the models as covariates. Crude intake values were expressed as 'kJ/day' for macronutrients, and '10 g/day' for dietary fiber. In the model with nutrient intake of energy density model, carbohydrate intake was not included in the model because of very high correlation with fat intake (Pearson's correlation coefficient ¼ À0.94).
All analyses were carried out using SAS statistical software, version 6.12 (SAS Institute Inc., Cary, NC, USA). A P-value of less than 0.05 was considered statistically significant. Table 1 shows the characteristics of the study population. The distribution of rate of eating differed significantly between two categories on experience of dieting (Po0.001). Mean BMI was significantly different both between two physical activity levels (Po0.01) and between two categories of experience of dieting (Po0.001). Neither did intentional dietary change, current dietary counseling, nor smoking status affect BMI. Table 2 shows body height, body weight, BMI, and intakes of energy, macronutrients, and dietary fiber by rate of eating. Body weight and BMI increased steadily with the increase in the rate of eating. In contrast, dietary fiber intake adjusted Eating rate and obesity S Sasaki et al The subjects who took sport club activity at least once per week in the previous month were defined as 'physically active'. b Dieting with more than 2 kg intentional reduction of body weight within 1 month was defined as 'dieting'. Eating rate and obesity S Sasaki et al for energy decreased steadily with the increase in the rate of eating. Table 3 shows partial regression coefficients by multiple regression analysis with BMI as the dependent variable. As physical activity category and experience of dieting showed a significant association with BMI in Table 1 , they were included in the models as covariates. In the model with nutrient intakes as independent variables, only dietary fiber significantly and negatively correlated with BMI (Po0.05).
Results
In the model with rates of eating as independent variables, the mean BMI steadily increased with the increase in the rate of eating. In the models with both nutrient intakes and rates of eating as independent variables, BMI steadily increased with the increase in the rate of eating, that is, 0.5, 1.0, 1.5, and 2.2 kg increase in 'relatively slow', 'medium', 'relatively fast', and 'very fast' groups compared to the 'very slow' group, respectively. Among the nutrients, only dietary fiber adjusted for energy attained the significance level (Po0.05). Additionally, energy intake did not significantly correlate with BMI, that is, Pearson's correlation coefficient was À0.01 and À0.04 without and with adjustment for rate of eating, respectively.
Discussion
Although cross-sectional studies on nutrient intake and obesity have reported inconsistent results, the majority of studies conducted in Western populations have indicated a significant and positive association between fat intake and BMI. [6] [7] [8] In contrast, two studies conducted in Korea and
China in which fat intake was relatively low (mean was 24.7 and 24.8%E, respectively) did not report a significant association between fat intake and BMI. 9, 10 The mean fat intake, 29.4%E, in this study was higher than in those studies, but still lower than those in Western studies. There is no current explanation for the discrepancy in results seen between high and low fat intake populations. In view of the possibility of increased reporting bias for fat intake with greater degrees of obesity, 7,8 the findings observed in Asian countries may be more accurate. However, in this population, energy intake did not significantly correlate with BMI category, and the highest energy intake was observed in the leanest BMI group (data not shown). As this was difficult to understand from physiology, under-reporting of intake in obese subjects apparently existed in this population as was seen in several Western populations. [23] [24] [25] Considering this problem, the results of analysis using energy-adjusted values may be more reliable than those using crude values. Dietary fiber showed a negative correlation with BMI, regardless of adjustment of rate of eating (Po0.05) ( Table 3) . A similar finding with respect to dietary fiber intake and BMI has been reported in previous studies. 12, 13 In this study, dietary fiber showed a strongly negative correlation with rate of eating (Po0.001) ( Table 2 ). Considering the slight decrease in partial regression coefficient when rate of eating was adjusted for (Table 3) , the association between dietary fiber intake and BMI may have two pathways, that is, a direct one and an indirect one through rate of eating. Further studies are needed in this issue. Some experimental studies have compared rate of eating of test meals by obese and nonobese subjects. [1] [2] [3] Results were inconsistent, and the number of subjects were generally small. In the present study, there were few very slow and very fast eatersFonly 5% for both groupsFand the rate of eating explained only 7% of the observed variation in BMI. This Eating rate and obesity S Sasaki et al relatively narrow range of distribution for rate of eating and the small contribution to obesity suggests that it would be difficult to design experimental studies to determine an effect. To our knowledge, only two epidemiological studies have previously examined the association between rate of eating and obesity, with both reporting a positive association. 4, 5 The current study similarly observed a positive association between self-reported rate of eating and BMI. If fast eating was recognized as an important risk factor for obesity, obese subjects would tend to eat foods more slowly and reported rate of eating would be confounded by BMI status. However, 'eating slower' was not ranked among 20 major methods of dieting by Japanese female college students. 26 This indicates that reduction in eating rate as a weight-control measure is unlikely to be a serious source of bias in this population. Moreover, we included intentional dietary change into a regression analysis as the covariate in order to avoid this possible confounding. We used a self-administered semiquantitative dietary assessment questionnaire for data collection. 17, 18 Since actual dietary habits were not observed, the results should be interpreted cautiously. In order to minimize data inaccuracy, we used a previously validated questionnaire. The Pearson's correlation coefficients for the 3-day diet records were 0.48-0.55 for the three macronutrients used in the study and 0.48 for energy. As previously mentioned, under-reporting of energy intake assessed with this questionnaire among obese subjects was obvious because of no significant correlation between energy intake and BMI. Therefore, the analysis for correlation between nutrient intake, at least expressed as a crude value, and BMI may be inappropriate.
We observed a high level of concordance between selfreported and friend-reported rate of eating. However, as their friends knew the subject's general body shape, this may have influenced the independence of each rating. The observed agreement might have therefore been higher than the true value.
We used BMI values calculated from self-reported body height and weight. Previous studies have shown that BMI calculated from self-reported body height and weight is highly correlated with measured BMI values, although underestimation is common. 27, 28 The studies suggest that BMI calculated from self-reported body height and weight is a reliable measure for use in correlation analysis.
In conclusion, we observed a statistically significant positive association between rate of eating and BMI in 18-y-old Japanese women. This finding was consistent regardless of adjustment for nutrient intake. Conversely, only dietary fiber intake, but not macronutrients, correlated significantly with BMI. Further follow-up of subjects to elucidate the impact of rate of eating on subsequent body mass would be of interest but is beyond the scope of this cross-sectional study.
